This paper examines whether a causal relationship exists between waste tonnage and employment when the waste collection is entrusted to a private operator in France (i.e. waste management policy by delegation of service). The empirical investigation is based on weekly data for four waste streams for the period from January 2015 to June 2017. Using nonstationary time series techniques including cointegration, VECM (Vector Error Correction Model) and longrun causality test of Toda and Yamamoto (1995) within a bivariate framework, the results demonstrate potential causal negative relationship between waste tonnage and employment. For three waste streams (i.e. household waste, outdoor garbage waste and miscellaneous waste), the results suggest that waste management practices that aim at entrusting the collection and treatment to a private operator (i.e. waste management by delegation of service) are not economically beneficial to society, because this policy does not favor environmental jobs creation. The paper calls for the adoption of other waste management practices to preserve employment in the waste collection sector.
Introduction 3©
Worldwide, the rapid increase in waste burdens along with a higher population growth rate and increased economic development has become a serious issue for policy makers. Sustainable development, initially introduced by the Brundtland report (1997) during the Earth Summit, is defined as economic development that strives to meet the needs of the current generation without compromising the ability to meet future generation's needs. Waste management is the basis for sustainable socioeconomic development, especially in European countries where the economic growth rate and human development index are relatively higher compared with developing countries. Therefore, adequate waste management policies are the only useful tool for green development, because they put forward a strategic pro-environmental behavior (D'Amato et al., 2016; Abbott et al., 2013; Berglund, 2006; Cerere et al., 2014) . According to the World Bank report (2013), the solid waste tonnage was 3.5 million tons per day in 2010 and will increase to reach 10 million tons in 2100.
European countries have adopted several measures to reduce the amount of generated waste. Incentive taxes and prevention are the key policy options adopted to minimize waste production. The strategic policies that encourage recycling may have positive impacts on waste reduction and contribute significantly to changing people's preferences regarding a pro-environmental lifestyle (Bowles & Polania-Reyes, 2012 ). However, waste management policies should have a direct or indirect impact on economics through several channels and the direct impact of waste management policy on economics can be detected through its impact on employment. However, despite the waste collection sector offering the poorest quality jobs, waste transport, treatment, management practices could be beneficial for employment by the creation of environmental jobs. Due to the high labor intensity of waste collection (e.g., recycling and sorting), employment could be positively affected. In most cases, in waste management employment is unskilled and low˗ paying, but provides an initial route back into employment for the social excluded.
In France, the collectivity 1 must choose between two waste management practices. It can directly manage the waste collection and treatment by itself or entrust the process to a private operator through a public tender offer, called waste management by a delegation of service. Therefore, the private operator, a private company of waste collection and street cleaning services, collects and treats urban waste independently. The second practice should affect employment directly or indirectly because the private operator's goal is to earn the maximum profit through waste collection and treatment cost minimization.
Waste management has been a major problem in ecological economics during the last three decades (i.e., as documented in the literature (Beliën et al., 2014; Chongwoo & Lain, 1998; Silchenko et al., 2015; Burcea, 2014) . The literature calls for additional empirical investigations to assess waste management policies and identify their economic impact. In addition, the literature demonstrates a discovery of unexplored areas of research and identifies trends that should be examined in future research to investigate the waste management economics nexus. In most cases, waste management papers have empirically investigated the role played by different policies and practices for solid, metal, and chemical waste, rather than household waste (Moss et al., 2013; Fizaine & Court, 2015) . By contrast, the economic impact of waste management policy at the micro-level using daily or weekly data disaggregated by the waste stream was never investigated.
Basically, in the ecological economics literature, the nexus between employment and waste management policy was neglected because of data unavailability. In addition, detecting the impact of waste management policy on employment is difficult, especially at the macro level, because it is at the regional level and not a common policy. However, any optimal policy to change household or firm behavior with respect to waste management requires an appropriate specification of a suitable model and an appropriate methodology.
The impacts of waste management on employment were common in the literature. Most of those papers have analyzed the economic impact of waste management in the case of United States, whereas for the European case, empirical papers are inexistent. In this literature, the direct and indirect economic impacts of waste management on employment are discussed, including the impact of an increase in waste tonnage, for different waste streams, on the number of jobs created and sales of recyclable materials.
For the southern part of the United States, Roy F. Weston (1994, 1996) observed that recycling increased the net employment level and valueadded in the studied areas. Precisely, Quigley (1988) concluded that the level of jobs created from waste collection and recycling is one job per 800 tons of materials recycled. Platt and Morris (1993) estimated that for every 15,000 tons of recovered materials, nine jobs would be directly created. However, with the same tonnage of recovered materials, two jobs would be created in incineration and only one job would be created in landfilling. Sell et al. (1998) studied the impacts of waste developments in rural western US states to demonstrate that for the cases of Colorado, Nebraska, Oklahoma, Texas, and Utah, waste diversion operating and siting regions experienced larger gains in population, employment, and income, compared with the no development sites. To do that, they used data set for different years from 1984 to 1994. By contrast, Reamer (1991) explained that some barriers, like the under-valued public benefits of recycling and under-investment in research and development, prevented economic development from recycling. This paper is a pioneer in using weekly per capita waste tonnage data for various waste streams to empirically investigate its impact on employment. The weekly data were collected by the private operator from January 2015 to June 2017 in the region of Paris, France. This company provided data describing four waste streams: miscellaneous waste, outdoor garbage waste, household waste, and packaging waste. In addition, the private operator also provided data that described the corresponding employment in weekly number of hours required in the collection of each waste stream.
Our study takes an innovative approach by implementing rigorous unit roots and multivariate cointegration tests to fully describe the random components and long-run patterns of the time series that characterize weekly per capita waste tonnage and employment. Next, we estimated a VECM (Vector Error Correction Model) to calculate the short-run impacts. Cointegration and error correction model techniques allow for the calculation and comparison of short-and long-run waste tonnage impact on employment. A short-run analysis of the relationship between waste tonnage and employment aims to quantify the impact without the private operator's long-run strategy to reduce waste collection costs. A long-run analysis of the relationship between waste tonnage and employment emphasizes the role of the waste management strategy adopted by the private operator and impact of per capita waste tonnage evolution, through time, on employment.
According to our review of the literature, we are the first to use time series techniques and weekly data for each waste stream to study the waste tonnage employment nexus. We use a rich weekly data set from the first week of January 2015 to the fourth week of May 2017. The data obtained from the private operator that manages waste collection include disaggregate time series for waste tonnage per capita in kilo and employment in number of hours by waste stream for the region of Paris, France. The data includes four waste streams: miscellaneous waste, outdoor garbage waste, household waste and packaging waste.
In our methodology, the first step is to conduct the ADF, PP, and KPSS unit root tests. Next, we study the long-run causality and Johansen cointegration test before investigating the error correction models. When applied to the French data, we observe a longrun causality from the waste streams' tonnage to employment for outdoor garbage, household waste, and packaging waste. However, we did not observe evidence for the long-run causality between miscellaneous waste and employment. In estimating the long-run versus the short-run impacts of per capita waste tonnage on employment, we observe long-run negative impacts of waste tonnage on employment for miscellaneous waste, outdoor garbage, and household waste. However, for packaging waste, the impact cannot be detected, because the cointegration between waste tonnage and employment is rejected. The results we obtain suggest that waste management practices that aim at entrusting the collection and treatment to a private operator (i.e., management by delegation of service) are not economically beneficial to society because this policy does not favor environmental jobs creation.
The remainder of the paper is organized as follows. Section 1 describes the weekly data set we use in our empirical analysis, the different waste streams, and the empirical model. Section 2 develops the methodology we use to test and estimate the longrun and short-run models, Last section presents and discusses the results of our empirical analysis, outlines the recommendations addressed to collectivities in terms of waste management practice, and evaluates the economic impacts.
Context, data set description, and the model
France's current waste management policy was adopted in 2007. This waste management strategy was implemented through a new legislative framework with specific targets for waste management at the national level. Its main objectives are to reduce the production of household waste and similar waste per capita by 7%, reduce the waste sent to a landfill or incinered by 15%, implement economic incentive tools to reduce waste production, and increase the recycling rate from 24% to 35%. However, in practice, the collectivity must choose between two waste management practices. It can manage the waste collection and treatment by itself or entrust the process to a private operator. Indeed, the second practice can affect economics through several channels like employment.
To address this issue, the objective of this paper is to investigate the long-run impact of waste production ( ) on employment ( ) using weekly French data collected by the private operator in the region of Paris. This company provides weekly data, from January 2015 to May 2017, describing per capita waste production for each waste stream and employment in number of hours for each waste stream. The wastes are classified in four streams: miscellaneous waste, outdoor garbage waste, household waste, and packaging waste.
Due to possible endogeneity between the variables, a bivariate VECM model is estimated in the form
where denotes the number of lags and t h e number of linearly independent cointegrating vectors. The cointegration is examined within Johansen's (1991) approach where a maximum of two cointegrating vectors is found. and denote the per capita waste tonnage and employment and ECM is the lagged cointegration error used to control short-run adjustment. The VECM is estimated in five steps. First, we test for unit root at level and first difference using the ADF, PP, and KPSS tests. Second, we select the optimal lag ( ) using the AIC. Third, we perform the Toda and Yamamoto (1995) causality test within a bivariate framework to check the causal relationship between per capita waste stream ( ) and employment ( ). Fourth, the Johansen (1991) cointegration test is applied with trend to test for long-run relationships. Finally, we estimate the VECM using the optimal lag length and cointegration rank, determined previously.
Miscellaneous waste is defined as hazardous waste that includes adhesives, used cooking oil and grease, epoxies, mortars and uncured cement, swimming pool and photo chemicals, glues, nail polish and chemicals, smoke detectors and fire extinguishers. This type of waste is hazardous and should never be thrown in the trash or recycling bin. Outdoor garbage waste is defined as all construction and furniture waste thrown into the outdoor garbage bin. Household and packaging waste are residential waste and include food scraps, newspapers and magazines, bottles, cans, clothing, compost, food packaging, yard trimmings and plant debris.
The private operator that manages waste collection in Paris provided an original weekly data set. This database describes the weekly per capita waste tonnage collected for each of the four waste streams and the weekly number of hours required for the collection of each corresponding waste stream. Using this desegregated database, we investigate the impact of waste tonnage on employment in France when waste management is entrusted to a private operator or privatized. A description of the variables and basic descriptive statistics for each waste stream are presented in Table 1 . Note: All series are observed with weekly frequency. The private operator (i.e., the company that manages waste collection) defines the four waste streams and provides weekly data for each stream.
Household waste represents the most relevant stream in terms of tonnage and employment. On average, this type of waste represents more than five times the tonnage of the other waste streams and more than six times the number of hours required for the collection of outdoor garbage waste. However, packaging waste, which can be used as a measure of household recycling behaviors, notably deviates from the average of the other waste streams (e.g., miscellaneous or outdoor garbage).
Indeed, the results from any study aiming to identify the factors influencing household recycling behavior could improve proenvironment policies and decisions with the goal of increasing sustainable and green development.
As we investigate the time series' properties of the weekly waste streams' tonnage and employment, we must observe the time graph of each couple of variables. In Figure 1 , each waste stream tonnage and employment are represented by a line graph.
Fig. 1. Per capita weekly waste tonnage and employment
From Figure 1 , we can clearly observe the long-run dependence between employment and waste tonnage. Notably, for miscellaneous waste and outdoor garbage waste, the continuous (per capita waste tonnage) and discontinuous (employment) lines exhibit the same co-movement properties, as we can observe the presence in the same period of peak or acute decline. However, the peak represents the seasonal effects, caused by social events (Thanksgiving, National Day, music festivals, and summertime wedding celebrations), which increase the consumption of goods and, consequently, waste tonnage.
These figures suggest that most of these variables (i.e., waste tonnage and employment) are nonstationary and must be analyzed through time series techniques. To move beyond these preliminary observations, we must analyze the nonstationary properties of the weekly time series for all the waste streams. We began our empirical investigation by determining the order of integration of all the variables. If the variables are integrated in the same order for each waste stream, then we can test for long-run equilibrium between both nonstationary variables that are integrated in the same order. The existence of a long-run relationship allows for the estimation and comparison of per capita waste tonnage impact on employment.
Empirical methodology and results
The empirical analysis is based on a collectivity in the southern region of Paris, France. The time dimension of the dataset covers the period from January 2015 to May 2017 (i.e., weekly data). The private operator that manages waste collection provides weekly data for the four waste streams. The data describe the weekly per capita waste production and corresponding time in number of hours spent in the collection of each waste stream. The main focus of our empirical investigation is the identification of the impact of waste management by a private operator on employment.
Unit root tests.
We use nonstationary time series techniques, because the data exhibit a unit root (integrated of order 1). The next step of the empirical analysis tests for the long-run equilibrium system between per capita waste tonnage and employment. We use the multivariate approach of Johansen (1991) to test for long-run relationship between waste production and employment.
The null hypothesis of the ADF and PP unit root tests is that the variables have a unit root. For the KPSS test, the null hypothesis is the opposite. The results of the three unit root tests are reported in Table 2 . The results clearly indicate that all the waste streams' per capita waste tonnage and employment are nonstationary and integrated of order one. The presence of unit root is because of the presence of seasonality and a stochastic component that is not stationary over time. 
Cointegration test and estimation.
We apply the multivariate approach developed by Johansen (1991) to test for cointegration. The results are reported in Table 3 and demonstrate that the null hypothesis of the absence of cointegration is clearly rejected for the three waste streams. The Akaike Information Criterion selected a model with five lags. The cointegration test is performed with five lags and with time trend. As the results indicate, two cointegration relationships are identified for miscellaneous waste, outdoor garbage waste, and household waste. However, there is no evidence of cointegration between per capita waste tonnage and employment for the case of packaging waste. The absence of a long-run relationship between waste production and employment for the packaging waste stream can be attributed to the absence of a sufficient data set: data are available only for 53 weeks between July 2016 and May 2017. Next, as both per capita waste tonnage and employment are endogenous, we must identify the causality direction within the long-run relationships.
To do that, we apply the approach of Toda and Yamamoto (1995) , which aims at performing a long-run causality test within a bivariate framework to check the causal relationship between per capita waste stream ( ) and employment ( ). Whereas the Granger causality test requires us to estimate a VAR model with the optimal lag length and to test the zero restriction for these lags, the Toda and Yamamoto (1995) test comprises an estimation of a VAR (Vector Auto Regressive) process with + lags, where is the integration degree of the series.
The results of this test are presented in Table 4 for all waste streams. We accept the null of non-longrun causality only for packaging waste streams; thus, confirming the absence of no cointegration for this type of waste. However, for the miscellaneous, outdoor garbage, and household wastes, the longrun causality goes from per capita waste tonnage to employment. Consequently, the long-run coefficient of employment is normalized to one when estimating the long-run impact of waste tonnage on employment.
The estimated long-run coefficient is presented in Table 5 with its standard errors. For packaging waste, the long-run causality is rejected for two directions, confirming the absence of cointegration for this waste stream. From these results, we can clearly see the long-run negative dependence between weekly waste and employment and per capita waste tonnage for all the waste streams. The negative impact of waste tonnage on employment is the result of the privatization of waste collection and treatment processes. The delegation of waste service by the government to a private operator is an inefficient waste management policy. For the collection of miscellaneous waste, an increase of per capita waste tonnage by 1 kg will reduce the weekly corresponding employment by more than half an hour (˗0.55 hours). Thus, for the collection of miscellaneous waste, the private operator tends to reduce the number of its unskilled workers to increase the productivity of the remaining one and minimize the waste collection cost. Furthermore, we also observe a long-run negative impact of per capita waste tonnage on employment for the case of outdoor garbage waste. Indeed, an increase of weekly per capita outdoor garbage waste by 1 kg leads to a reduction of weekly corresponding employment by 0.26 hours. However, for household waste, the most relevant in terms of quantity compared with the other waste streams, a 1 kg increase in its weekly per capita tonnage reduces its employment by 0.23 hours.
Waste employment is extremely crucial for many people. As unskilled workers can satisfy it, this type of employment is usually very useful, especially for socially excluded people, because it provides an initial route back into employment for them. We observe empirically that a waste management policy that aims at entrusting waste collection to a private operator is not in favor of employment. It has a negative impact on economics through waste employment destruction.
An error correction model is considered in the next subsection to analyze the short-run impact of waste tonnage on employment and estimate the lagged cointegration error to measure the adjustments' measure within the equilibrium system. 
Error correction model.
The estimated error correction model (Table 6 ) is weakly significant. Despite the statistical significance of the lagged cointegration error, the short-run coefficients that measure the short-run impact of per capita waste tonnage on employment are weakly significant. The lagged values of the residuals from the cointegrating relation are statistically significant for only two of the four waste streams. These results validate the cointegration of miscellaneous waste and household waste. The negative estimation of the lagged values implies that adjustments will cause the system to gradually converge toward the equilibrium. For the case of miscellaneous waste, two weeks (i.e., 1/0.5) are required for employment to return to its initial equilibrium level following a shock that impacts per capita waste tonnage. However, for household waste, only one week (i.e., 1/0.9) is required for employment to return to its initial equilibrium level following a shock on its corresponding per capita waste tonnage.
The level of employment in waste management, measured in number of hours, varies significantly between different waste streams. Household waste appears to be labor intensive compared with the other waste streams, which can explain why the long-run impact of household waste tonnage on employment is less critical in absolute value compared with the other waste streams.
Environmental policies have direct and indirect impacts on employment. For the case of waste management, these policies could be more labor intensive than others for air or water. However, there is usually a tradeoff between strategies to reach the fixed environmental goals and reduce the impact on employment when it is negative. Without using disaggregated data, certain macro-level studies recognize that waste management policies may have both net positive and negative impact on employment (WRc, 1999; Waste Watch, 1999). For the case of France, this paper is a pioneer in its use of weekly data for each waste stream with its corresponding employment to model the wasteemployment nexus using nonstationary time series techniques. The net effect of waste tonnage on employment, when the delegation of service is adopted as waste management policy, is, consequently, estimated in the number of hours for each waste streams.
Conclusion and policy implications
The consideration of employment effects when evaluating policies is essential. The adoption of delegation of service as a waste management policy negatively affects employment. However, to understand how employment effects can be better taken into account when evaluating a waste management policy, recognizing that impacts may arise at different level is also essential.
In this paper, we have disaggregated the waste tonnage by waste streams. Fortunately, a novel and rich weekly database was by the waste collector in per capita waste tonnage and its corresponding employment in number of hours for each of the four waste streams. The waste collector company provides data describing four waste streams: miscellaneous waste, outdoor garbage waste, household waste, and packaging waste, for the region in Paris, France. Using nonstationary time series methods, we modeled the relationship between waste tonnage and employment when the collectivity choose the delegation of service as a waste management policy. The long-versus shortrun impact analysis we have developed in this paper reveals that the delegation of service could be harmful to employment.
For all the waste streams, the impact of waste tonnage evolution on employment was negative. A higher impact was estimated for the miscellaneous waste, where a 1 kg increase in per capita waste tonnage may reduce weekly employment by 0.55 hours. Moreover, for the case of outdoor garbage waste, a 1 kg increase in waste tonnage per capita decreases employment by 0.29 hours. Thus, we conclude there is a negative net effect of this waste management policy on employment. Even if it appears that the delegation of service is efficient and suitable compared with other waste management policy, such as the "régie", its adoption is not beneficial for society. The delegation reduces jobs in the waste collection and treatment sectors and increases the unemployment rate. Finally, this paper is the first to apply an empirical analysis to detect the net direct effect of waste management policy on employment. This paper calls for the adoption of a more suitable policy to reach community environmental and social goals.
